To investigate the influence of castration in early periods of development on survival to experimental acute sepsis. Methods: Four groups of 10 (ten) Wistar rats were used. The groups were comprised of males (M), females (F), males castrated on the fourth day of life (CM) and males castrated on the fourth day of life with testosterone replacement (CMR). Sepsis was induced by ligature and cecal perforation in adult life. Results: The analysis of death within 24 hours following sepsis induction showed greater mortality between the M and the CMR groups as compared to the CM and F (p=0.0180) groups. Multiple correspondence analysis (MCA) indicates an association between the M and the CMR groups for death within 24 hours as well as a relationship between the F and the CM groups for the absence of death and death up to 24 hours following sepsis induction. Statistical analysis of the Kaplan-Meier survival curve through log-rank demonstrates a significant difference among the four groups (p=0.0055) and between the M and the F (p=0.0005) groups. Conclusion: Data suggest a better survival to sepsis within 24 hours for the F and CM groups, the presence or absence of testosterone in early periods of post-natal life being responsible for these findings. Key words: Sepsis. Sex Characteristics. Testosterone.
Introduction
Sepsis and the systemic inflammatory response syndrome are common causes of death in ICUs 1, 2 , and their morbilethality have not diminished in recent years. Likewise, treatment has not significantly changed and in many cases it is meant only as life support 3, 4 . The concept that cellular or humoral immune response is more accentuated in female than in male stems from higher immune response following immunization and infection, higher titer of immunoglobulin with higher incidence of autoimmune disease 5, 6, 7 . Anatomical and functional differences in the central nervous system (CNS), determined by sexual steroids in the early stages of development, may in part explain this different response [8] [9] [10] [11] [12] . Studies in this area were initiated with Stumpf et al 11 with the introduction of location methods that pinpoint brain cells which uptake and concentrate sexual steroids. The author of these studies determined the brain areas which concentrated a higher amount of estrogens. He concluded that these areas were the anatomical substrate to justify the organization and activation of different sexual behavior, as well as hormonal influence in regard to maternity, aggressiveness, feeding and modulation of several other functions including temperature control and memory. Grossman 13 demonstrated that the immune system is subjected to the influence of sexual steroids. In the same period, Besedovsky 14 demonstrated for the first time the existence of a communication between the activated immune months were used. Rats, supplied by the Central Biolaboratory of the Federal University of Santa Catarina (UFSC), were accommodated in polyethylene cages at the animal observation room of the Laboratory of Operative Technique and Experimental Surgery of the Surgery Department of UFSC. Animals were kept under natural light conditions, respecting day and night light cycles, at appropriate temperatures, noise and humidity conditions, receiving proper food with ad libitum access to food and water throughout the experiment. Animals were redistributes in sub-groups:
Subgroup GM (n=10) Adult males subjected to induced peritonitis to observe clinical outcome; Subgroup GF (n=10) Adult females subjected to induced peritonitis to observe clinical outcome; Subgroup GMC (n=10) Newly-born male rats castrated at the fourth day of life and given 60 days before being used in induced peritonitis and clinical observation;
Subgroup GMCR (n=10)
Newly-born male rats castrated and receiving testosterone replacement. Were subjected to bilateral orchiectomy at the fourth day of life and received testosterone replacement from the fifth to the 11th day and were given 60 days before used in induced peritonitis and clinical observation ( Figure 1 ). All animals underwent general anesthesia by ethylic ether inhalation. Surgical plane of anesthesia was established by absence of reflex to noxious stimulus. Adult animals were subjected to general anesthesia induced by inhalation of ethylic ether and maintained by intramuscular injection of a solution of 3% sodic pentobarbital plus hydrochloride 2-(2.6 xylidine)-5.6-dyhidro-4H-1.3-thiazine in the doses of 20 and 10 mg per Kg of weight respectively. Plane of anesthesia confirmation was established by absence of reflex to noxious stimulus. system and the CNS, suggesting the CNS was involved in the immune response. The evidences that the immune system and the neuroendocrine one may influence one another are the following 15 :
1. Cells of the immune, endocrine and neural systems may present receptors for cytokines, hormones, neurotransmitters and neuropeptides. 2. Immune and neuroendocrine substances coexist in lymphoid, endocrine and neural tissue. 3. Endocrine and neural mediators may affect the immune system as well as immune mediators may affect endocrine and neural structures. The interaction takes place through a humoral afferent path (cytokines) and via the peripheral nervous system (vagus nerve and sympathetic system), and afferent paths of immune system modulation by the CNS through the Hypothalamus-Pituitary-Adrenal cortex (HPA) axis, neural (sympathetic), vagal efferent, central lipopolysaccharide, adrenocorticotrophic hormone, opiods. In rats a single great peak of testosterone occurs in the latter part of gestation and goes on until the fifth day post-natal, this latter period being responsible for the masculinization and defeminization of the developing brain [16] [17] [18] [19] . The phenotype of these animals may be modified with hormones, regardless of their genetic sex 20 . Sexual differentiation process stems from the genetic sex which determines the gonodal sex. This latter, in turn, through the action of sexual steroids, acts on embryo, neonate, pubescent and even adult life to determine the phenotype. Sexual differentiation of the brain is an example of a direct hormonal event where the presence or absence of testosterone during fetal and neonatal will determine a male or female development 21 . Testosterone conversion into estradiol, which takes place in the brain and is particularly active in the hypothalamus, is the key event leading to defeminization. A group of cell will be programmed in the CNS to respond in a male or female way in adult life. The final observation is that sexual differences are the product of steroids' action during the initial stages of development, pubescent and adult life. Therefore, exposition to testis secretion in early life has permanent effects on the CNS, such effects are organizational and definite, rather than transitory or reversible such as the activation effects testosterone produce in adult rats. To this date, no experimental model has been found to study the effects of testosterone withdrawal prior to the fifth day of neonatal life of male rats and its influence on the survival of these animals after being subjected to induced bacterial infection in adult life. Thus, this study intends to evaluate the effects of post-natal castration on the survival of rats subjected to experimental acute sepsis.
Methods
The experiment was conducted in the Operatory Technique and Experimental Surgery Laboratory of the Clinical Surgery Department at the Federal University of Santa Catarina. This research was approved to Ethical Animal Committee of UFSC. In the experiment, 40 albino rats (n=40) of the rattus norvegicus species and Wistar stain, of both sexes and ages ranging from four days to four FIGURE 1 -Photograph of four day male rat Castration Utilizing double-faced sticky tape, rats were immobilized in dorsal decubitus on a surgical magnifying glass with a 1 to 1.6 fold magnification. Antisepsis was carried out with 1% iodopovidone. An incision of approximately 0.3cm was made on the umbilical scar transition and anus on each side. After opening of muscle and peritoneum, the testis was identified, pulled out ( Figure  2 ), ligated with a 6.0 polyglactin thread and sectioned. Skin was sutured with a 6.0 polyglactin thread (Figure 3) . Kept warm under a light bulb until recovering from anesthesia, rats were returned to the cages with their mother. They were then maintained there until the 21 day of life when they were separated from their mother and placed in cages with up to five animals per cage.
Experimental sepsis
After 60 days, subgroups castrated and castrated with replacement underwent induced experimental sepsis. Subgroups males and females underwent similar sepsis at an approximate age of four months. The method used for induced sepsis was ligature and cecal perforation (LCP) as described by Wichterman et al 24 , and modified by d´Acampora. After, two transfixing perforations were made right under the entrance of the terminal ileum e above the entrance of the third vase in the lower part of the cecum using a 5.5 mm thick instrument. Loops were returned to the cavity and the abdomen was sutured in planes (peritoneum, muscle and skin) using 3.0 polypropilene with continuous suture (Figure 1-3 ). Animals were placed in individual number-coded boxes with data being recorded on respective tags. Animals were evaluated every one hour until their deaths to assess sepsis evidencing signals such as: hair standing on end, diminished mobility, conjunctival hemorrhage, anorexia, and loss of thirst. Time was measured in hours and minutes. After 72 hours, the occurrence of death was observed every six hours. It was considered non-death animals who stayed alive after a 10-day observation period. The moment of the last recorded death was considered to be the end of the experiment.
Statistical evaluation
Observations were structured in a database using Ms EXCEL® (Office 2000) and STATISTICA 6 ® (StatSoft). EPI INFO 6® was used to build Kaplan-Meier survival curve.
Results

FIGURE 2 -
Photograph of a male rat undergoing castration. In the detail, the exposed testes before resection. 
Testosterone replacement
Animals in the sub-group castrated with replacement, underwent testosterone replacement after the procedure described above. Animals were weighed daily on a precision scale ( Figure 4 ). The dose was 0.1 mg per kilogram of body weight (Kg) applied in an oily vehicle prepared by manipulation 23 . Administration was by injection in the dorsal subcutaneous tissue with an insulin injection. Replacement was carried out for seven consecutive days, at the same hour from 24 hours of castration. 
Discussion
Sepsis still poses a great challenge for clinicians and surgeons alike. In the United States, it is estimated that 400.000 cases of sepsis occur each year, half of which leading to septic shock and a quarter leading to death 22 . It is necessary to intensively look for new alternatives to study the physiopathology and therapeutical options for this condition. Thus, experimental studies, using several animal species still provide the best option for the research and creation of new investigation methods that may later be applied in pre-clinical trials 23 . One of the peritonitis models commonly used in the experimental research of sepsis was devised by Wichterman et al 24 . It consists of mechanically obstructing the cecum with an anabsorving thread placed distally to the ileum-cecal valve with its later perforation. d´Acampora 25 devised a modification to this model, applying the ligature to the end of the cecum rather than to the ileum terminus. He also noticed that if no mucus eversion occurs the model won't work since there will be a local obstruction that is fairly immediate. This model is known as the Cecal Ligature and Perforation (CLP), where the advantage lies in the simplicity of the execution and its easy reproduction. In addition, it is a model where the contamination occurs in the peritoneum, whose flora is mixed, making it more similar to abdominal infection problems experienced by humans, such as appendicitis and diverticulitis. In the literature review on the subject, the multifaceted aspects of sepsis variables was made clear with clinical and epidemiological studies demonstrating the difference in response to the condition, especially in regard to mortality rates, when comparing male and female infection processes. In our midst, d'Acampora 3 had already noticed, in experimental rat sepsis studies, a higher and faster death rate among males compared to females -the latter apparently resisting better to peritonitis and ensuing sepsis. In the same line, Oberholzer et al 26 after evaluating 1276 polytraumatized patients, found significant difference in the incidence of post-trauma sepsis, as well as multiple organ dysfunction syndrome, with male patients more likely to be affected. Schroder et al 10 in a prospective study with 52 ICU patients -homogeneous in regard age, origin and severity of sepsis -found a 70% mortality among men against 26% among women. In one other study, Yesilova et al 27 evaluated patients with idiopathic hypogonadotrophic hypogonadism and compared immunity parameters before and after gonodotrophin replacement and concluded that the absence of testosterone results in an increase of cellular and humoral immunity. These facts reveled by the utilized literature, lead to the present study which compared the responses of a group of adult male rats, adult female rats, male rats castrated on the fourth day of life and male rats castrated on the four day of life receiving hormone replacement from the fifth to the 11 th day of life. Newly-born and castrated rats were allowed to reach an adult age prior to undergo CLP induced peritonitis -carried out on the same day for all rats and by the same researcher -and were observed until their deaths. Because Yesilova et al 35 states that the absence of testosterone increases cellular and humoral immunity, the expectation was to observe death in a decreasing order in the subgroups males (GM), castrated males with replacement (GMCR), castrated males (GMC) and females (GF). Global mortality observed in the experiment was 85%. This rate was considered satisfactory, since the intention was to study acute sepsis. Death rates per subgroup were progressive among subgroups GF, GMC, GMCR and GM, with 70, 80, 90 and 100% respectively. Statistical analysis did not show significant diference in this period, in spite of this data trend. When compared isolatedly subgroups GF and GM, we obtained p= 0.0637. This may suggest that if the sample in the experiment were bigger, maybe there would be a significant relation in the obtained results (Tables 1  and 3 ). When only the deaths that occurred within 24 hours are evaluated, the number of 16 animals corresponds to 65% of the total animals in the experiment and 76% of all animals who died ( Table 2 ). In the comparative evaluation among the subgroups, there was a progression in the death rates, with the following percentage per group: GF 11,54%, GMC 19,23%, GMCR 30,77% and GM 38,46%. Statistical analysis demonstrates significance in the Kruskal-Wallis test, with p=0,0180. These differences among groups, associated with the proximity of GF and GMC -no testosterone action -suggest the action of this hormone in the inhibition of the immune response in these animals ( Table  2) . Likewise, GM and GMCR groups -animals who had a permanent (GM) or temporary (GMCR) testosterone activity -may indicate that the action of testosterone inhibits the immune response to experimental acute sepsis. This action would take place in the early stages of life, since animals who underwent hormonal manipulation in these critical stages responded differently in their adult life. Analyzing the hormonal state of these animals, we have the following situations:
GF: adult females with no hormone manipulation. Sexual differentiation was naturally maintained with the action of estrogens since the initial stages of development.
GMC: male rats that in the intrauterine life were subjected to the action of testosterone up to the fourth day of life when the action of this hormone, produced in the testis, was interrupted in a critical stage of the CNS development until the induction of acute abdominal sepsis.
GMCR: male rats that were subjected to the action of testosterone from intrauterine life until the fourth day post-*p = 0,0055 among four groups. *p = 0,0005 between GM and GF FIGURE 4 -Kaplan-Meier survival curve for death within 24 hours.
natal when they were suppressed of their testosterone supply for 24 hours. After this period of suppression, exogenous replacement of this hormone was carried out until the 11th day of life, still in its critical period of sexual differentiation. After the 11 th day, rats in this group were no longer subjected to the action of testosterone, testicular or exogenous.
GM: male rats with no hormonal manipulation and with natural sexual differentiation with normal testicular testosterone action in the early stages of differentiation and with physiologic serum levels of this hormone at the moment of experimental acute sepsis.
With the percentages observed in this experiment, we can infer that there is an actual higher female resistance to sepsis. However, castrated male responded in a similar way, which may suggest that testosterone can play a decisive role in the immune response of these animals. Observations stemming from the experiment may be explained by the differentiated immune response between males and females, references thereof abounding in the literature. Sexual dimorphism is also present in the immune response. Both humoral and cellular responses are more active in females. In humans, females are more affected by autoimmune diseases 28 . In a general way, females present a better cellular and humoral immune response than males; females also have a higher count of immunoglobulins 29 and a higher and more sustained production of antibodies following immunization and infection 30, 31 . Immunoglobulin levels vary between sexes, with some antibodies such as IgG and IgM higher in females in response to antigenic stimulus. CD4 lymphocyte levels are also higher in women 32 . Females also show a higher rejection of alografts, demonstrating a better cell mediated immune response 33 . As for the effect of sex on the immune system (IS), regulation of T and B cells are the most important. The alteration of cytokine levels is proportional to sexual steroid levels and is the product of immune cells, particularly of the T cell population 34 . Sexual hormones play a central role in this sexual dimorphism of the immune system. The involved mechanisms are complex and not fully known. It could be through direct action on immunocompetent cells as, for example, in the presence of androgen receptors on thymus cell 353 . Another mechanism could be indirect, mediated by the interaction with other immunomodulatory factors such as the thymus hormones, growth hormone and prolactin. A third proposed mechanism would be through the influence of sexual steroids in the levels of glycocorticoids. Given that sexual steroids affect the hypothalamus-pituitary-adrenal (HPA) cortex axis directly, and also influence immunocompetent cells and cytokine production, the total effect of sexual steroids in the glycocorticoid response to stress may derive from all of these actions 36 . Studies show there is an inter-relation between CNS, IS and the hypothalamus-pituitary-adrenal (HPA) cortex axis. In the 70s 14 and later in the 80s, Besedovsky et al 37 demonstrated that classic hormones and the recently-discovered cytokines were functionally involved in the communication between CNS and the IS, referring that the interactions between the IS and the neuroendocrine play an important role in the modulation of the HPA axis in organisms exposed to a immune stimulus.
This axis is susceptible to permanent modifications when manipulated in early stages of development. Shanks et al 38 demonstrated that exposure to endotoxins in development critical stages reduces the negative feedback of glycocorticoid on ACTH, increasing the response of the HPA axis to stress. Sex-specific responses in adult animals may be manipulated by administering hormones in the neonatal period, according to what was described by Hiemke et al 39 . Thus, Del Rey et al 40 demonstrated that the administration of IL-1 until the fifth day of life in mice causes permanent alterations to the HPA axis, with a reduction of basal values of corticosterone and increase in regards to ACTH/corticosterone. Konstandoulakis et al 6 concluded that the manipulation of sexual steroids in pre and postnatal may cause lasting effects on the immune response, and may also alter existing differences in the immune response between males and females. Castration in adult life was also studied, demonstrating differences in the immune response. Rife et al 41 demonstrated that castrated mice in adult life present a better response to antigenic stimulus, an effect which was reduced with the administration of testosterone. Wilson et al 42 observed that castration of adult male mice reflect in an important increase in the production of B lymphocytes. Castration of adult male rats cause an increase in the plasmatic levels of ACTH and corticosterone in response to stress, an effect that was reverted with testosterone replacement 43 . Wichmann et al 44 studying the immune response of normal and castrated rats in the trauma of soft parts and hemorrhagic shock concluded that male sexual steroids have an immunodepressant effect. He also suggests that androgen blockers might have a potential clinical use. Other effects of castration in adult life are increase of peripheral cell B compartment, increased capacity of selfreactive immunoglobulin production 45 increasing macrophage fagocytosis capacity 46 . Da Silva et al 47 also demonstrated in humans that estradiol levels increased and testosterone inhibited the endogenous response of glycocorticoids following inflammatory stimulus, in a pattern similar to animal studies. The present study carried out an experimental modulation of the immune response of the HPA axis by castrating male rats on the fourth day of life. Thus, this axis was prevented from being completed as in the normal male rats. In normal male rats, the presence of testosterone during this first week of post-natal life, modify the organization of the brain circuitry responsible for modulating the immune response in these animals when reaching adult life. Nowadays, it is established that the immune system and the HPA axis are mutually regulatory and that their interaction may be a determining factor when analyzing stress effects on the immune response. Therefore, an experimentally induced inflammatory process must influence the HPA axis and, as a consequence, modify the immune response. Special attention is being given to the role of early stages of life and the HPA cortex axis in the determination of predisposition and susceptibility to diseases in the long-run 48 . As sexual steroids are, apparently, responsible for regulating this response, it is suggestive that the interruption of this modulation in critical periods of the development may imply in a female-like response for castrated male rats.
It is already established in the literature 49 that like other forms of plasticity development, sexual differentiation of the neuronal network for reproductive behavior is characterized by critical periods during which, specific interactions between developing cells and the environment determine future behavior capacities. Critical periods of development, are part of the natural sequence of growth, at each stage of development a choice is made within a limited number of alterations. Once this choice has been made in this period, it is virtually impossible to revert the results. Chromosomal sex of an individual is established when the male sperm contributes with a X or Y chromosome. Genetic sex determines if the bipotential embryonic gonad will differentiate into ovary or testis. The subsequent steps in the differentiation result from the action of hormones. If chromosome Y is present, testes will develop and their hormonal secretion will result in the development of a male phenotype. The same is not true for the development of the ovaries and the differentiation of females. The removal of gonadal tissue from rabbit fetuses will result in animals with female phenotype, regardless whether they genetically XX or XY. Therefore, the female phenotype can develop in the absence of any gonadal tissue. Testosterone secreted by the testes masculinizes the sexual organs, rudimentary mammal gland and the CNS. In the adult, sexual steroids activate primarily the sexual response. So, the action of gonadal hormones on the mature nervous system is activational and transitory. In our experiment, this type of effect caused by sexual hormones (activational effect) cannot be analyzed, since the experiment castrated newlyborn rats whose brain circuitry of the HPA cortex axis which participate in the modulatory process of the immune system still are not fully established in this stage of development (4 th day post-natal) 12 . Therefore, in this experiment we are analyzing the organizational effect that testosterone may cause during one of the critical stages of the CNS development of rats and its consequences to the response of these animals to a septic challenge. In this research, we also applied the Multiple Correspondence Analysis (MCA) with the aim to investigate the occurrence of association among the variables of study subgroups, death after 24 hours, within 24 hours and non-death. The results obtained suggest an association between subgroups GM and GMCR with death within 24 hours. On the other hand, GF indicates a strong association with the occurrence of death after 24 hours. Such results are perfectly in agreement with the data reviewed in the literature, which indicate a better female response to a septic challenge compared to normal males. Subgroups GM and GMCR showed a close relationship between themselves, in a similar way to subgroups GF and GMC. Subgroups that showed a bigger difference between themselves were subgroups GF and GM. Considering that GM and GMCR are subgroups in which the presence of testosterone was permanent (GM) or temporary during a critical development stage (GMCR), the data indicate a relationship between the subgroups of animals with testosterone and death, especially within 24 hours. An association between subgroups GF and GMC was also observed. That is, in the subgroups without testosterone or with testosterone before the end of testosterone critical period of action in the sexual differentiation of the CNS and the immune system. These results are in agreement with literature data on the influence exerted by testosterone on the structuring of several brain circuits involved in the modulation of the immune response in the face of a septic challenge. No reference regarding the use of MCA to evaluate the variables described above was found in the literature. Thus, it is not possible to compare the obtained data with those of other studies employing the same design. It is important to observe that in subgroup GMCR the animals' own testosterone was active only until the fourth day post-natal. After castration, replacement with testosterone propionate was administered from the fifth to the 11 th day. After this, there was no testicular testosterone action. Despite this, the animals in this subgroup presented a behavior that was more similar to that of subgroup GM than any other group. This reinforces the importance of testosterone in the critical stages to program the immune response, regardless of testosterone serum levels at the moment of induced acute sepsis. Survival of animals was also analyzed by Kaplan-Meier curve. This curve determines the statistical chance of a given element in the group to be alive after a given time. Thus, in the experiment, the odds for females to be alive after 24 hours were 80%, while in the other groups they were as follows: GMC 50%; GMCR 20% and 0% for GM. This other form of survival verification reinforces the data previously verified by the Kruskal-Wallis test and by MCA. Kaplan-Meier survival curve, analyzed in 24 hours, showed a significant statistical difference when verified by log-rank, in the four subgroup (p=0,0055). Comparative analysis only for the subgroups GF and GM represent a difference still bigger with p = 0,0005. What would explain this bigger difference among groups without hormone manipulation (GF and GM) is the sum of the sexual steroids actions. The first, linked to the sexual differentiation stage, a moment in which a programming is underway for differentiating male and female responses. The second is linked to the different circulating levels of these steroids at the moment of sepsis. In this case, estrogens in higher levels in females improve immune response to sepsis, while testosterone in males has the opposite effect. No studies were found in the literature that used the methodology of the survival curve to compare these events. Its use in this design of research proved useful for future studies on the sexual dimorphism of the immune response, in particular in the evaluation of acute sepsis with early death. Aspects of physiopathology, related to the dosage of sexual steroids, corticoids, cytokines and lymphocyte count, must be employed to explain the reasons of this dimorphism. Likewise, experiments using immunomodulators, especially sexual steroids (and/or similar compounds) or their blockers, can generate useful information in the study of sepsis treatment. It also brings to light the discussion whether earlier action in terms of immunomodulation with sexual steroids should be taken on the onset of sepsis. Immunohistochemical studies, in particular on the CNS, will determine areas involved in the sexual dimorphism of the immune response. Based on the results, we can suggest that the presence or absence of sexual hormones in male rats during sexual differentiation of the CNS and the IS lead to different immune responses in their adult life when subjected to sepsis.
Conclusion
There was a significant difference in the survival rates among subgroups of males and males submitted to castration and experimental sepsis, when analyzed within 24 hours.
